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A high-power 532 nm-pumped multikilohertz nanosecond optical parametric oscillator using a periodically
poled 1.0 mol.% MgO-doped stoichiometric lithium tantalate crystal that could be operated from room tem-
perature to 200°C without damage is reported. A broad continuous tuning range from 855 to 1410 nm was
achieved within a single domain period. Efficient operation of high peak power and watt level average power
with a power conversion of 62.5% was measured. These results show that a high-resolution high average
power visible tunable source can be realized. © 2006 Optical Society of America
OCIS codes: 160.5320, 190.4970.High-power visible and near-IR tunable lasers are in-
dispensable tools in laser spectroscopy, photochemis-
try, reaction dynamics, material processing, informa-
tion processing, and medical diagnostics. For many
years, the dye laser and the Ti:sapphire laser were
the most popular in this regard. There were early re-
ports of pulsed and cw 532 nm-pumped all-solid-state
tunable lasers based on periodically poled LiNbO3 op-
tical parametric oscillators.1–4 However, severe pho-
torefraction and green-induced IR absorption have
limited their further development. Recent success in
the development of ferroelectric crystals that are re-
sistant to photorefractive damage and green-induced
IR absorption have revived interest in using periodi-
cally poled material in quasi-phase-matched optical
parametric oscillators as broadly tunable sources for
the visible and the near IR. We reported an efficient
optical parametric oscillator (OPO) in the visible
650 nm to near-IR 3 m region that used periodi-
cally poled stoichiometric lithium tantalate (PPSLT)
as the parametric gain medium.5 However, this OPO
can be operated only at temperatures higher than
130°C because PPSLT is still susceptible to photore-
fractive damage and green-induced IR absorption ef-
fects at lower temperatures. As a result of the limited
range of usable temperatures, multiple domain peri-
ods (more than 16) are necessary to produce a con-
tinuously tunable source from 650 nm to 3 m with
no gap. Yu et al. reported an efficient 1064 nm
pumped OPO operating at room temperature using a
1.0 mol.% MgO-doped into a periodically poled sto-
ichiometric lithium tantalate crystal PPMgSLT.0146-9592/06/243632-3/$15.00 ©Their work demonstrated that the PPMgSLT crystal
has much better resistance to photorefractive dam-
age than the undoped PPSLT.6 In separate experi-
ments, PPMgSLT is reported to withstand
21 MW/cm2 of pulsed 532 nm power without damage
for a sustained period of time.7–9 The material also
has a low coercive field and a high optical damage
threshold. Therefore, PPMgSLT should be an excel-
lent candidate for realizing 532 nm pumped OPOs
operating down to near room temperature. In this
Letter, we report10 the details on the efficient opera-
tion of a multikilohertz 532 nm pumped PPMgSLT
OPO that operates from 200°C to room temperature
30°C. The OPO being reported here has a tuning
range from 855 to 1410 nm with a single domain pe-
riod. The highest average output signal power
achieved is 1 W with a peak power of over 5 kW. A
Fig. 1. Measured tuning curve of a PPMgSLT OPO with
an 8 m domain period.
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slope conversion efficiency of 80% were obtained.
These results coupled with the recently reported low-
power (1 W peak power and 60 mW average power)
single-frequency visible OPO using PPMgSLT at
130°C11 demonstrates that a broadly tunable high-
power single-frequency all-solid-state OPO can be re-
alized in the near future.
The PPMgSLT crystal used in this work was
20 mm long, 1.4 mm wide, and 0.5 mm thick with
1.0 mol.% doping. The doped stoichiometric lithium-
tantalate (SLT) crystal was grown by using the
double-crucible Czochralski method and poled by a
multipulse electric field of 1.4 kV/mm.12 The poled
domain period was 8.0 m. Inspection with an optical
microscope showed that the domain pattern pen-
etrated very well through the thickness of the crys-
tal. The end faces of the crystal were antireflection
coated with R1% at 532 nm and from 840 to
1400 nm. The crystal was placed in an oven whose
temperature could be controlled to within 0.1°C. A
Lightwave Electronics Inc. Model 210S diode-laser-
pumped Q-switched Nd:YAG laser was externally
frequency doubled and used as the pump laser. The
532 nm radiation was 1.65 W at a 6 kHz repetition
rate. The pulse duration was 22 ns. The TEMoo laser
beam was focused to a Gaussian waist size of 115 m
at the center of the PPMgSLT crystal to give a maxi-
mum intensity of 60 MW/cm2. In an unpoled section
of the crystal, we found that the transmitted 532 nm
beam pattern was blurred and distorted for all tem-
peratures of up to 200°C, but there was no physical
damage to the crystal at nearly the maximum input
intensity. When we moved the input beam to be inci-
dent onto the periodically poled section, the beam
distortion was reduced to a minimum. Even at a tem-
perature of 70°C, no distorted beam pattern was
seen. At 30°C, there was only a slight distortion of
the transmitted 532 nm beam. Therefore the crystal
was deemed fit for OPO operation. A short flat–flat
cavity of length 26.5 mm was used as the OPO cavity.
Owing to the broad wavelength coverage of this OPO,
different dielectric coatings were necessary for both
output and input mirrors. The input mirrors had an
antireflection coating at 532 nm and a high reflection
between either 800–900 or 900–1000 nm, respec-
tively. One of the output couplers had a maximum re-
flectance of 75% centered at 852 nm. This reflectance
Fig. 2. Signal power and bandwidth variation of
PPMgSLT OPO at a 1.0 W 532 nm input.gradually decreased to 60% at 950 nm and below 20%beyond 980 nm. For this reason, the output reflector
was switched to a 50% R partial reflector centered at
950 nm for near-room-temperature measurements. A
Pellin Broca prism was used to separate the signal
and idler outputs for characterization, and a thermo-
pile detector was used for power measurements.
Figure 1 shows the tuning curve determined with a
HP86142B optical spectrum analyzer. The input
power was maintained at a modest level of 1 W for
this measurement. The figure demonstrates the wide
tuning range of the PPMgSLT OPO from 855 to
1410 nm (signal plus idler) when the oven tempera-
ture was varied from 200°C to 30°C. The power of
the signal output remained rather constant through-
out the entire tuning range with the output coupling
we have chosen to use. The signal bandwidth, deter-
mined with the optical spectrum analyzer, was quite
large owing in part to the shortness of the optical
cavity. The measured bandwidth was 0.5 nm be-
tween 855 and 925 nm and increased to 3.1 nm at
1017 nm. These values are slightly less than the
single-pass acceptance bandwidth calculated for a
2 cm long PPSLT crystal. The results are shown in
Fig. 2.
The power conversion from pump to signal was
measured at four different temperatures. While
many factors such as output coupling, optical cavity
configuration, and signal wavelength will all affect
the power conversion, we find that for the cavity used
here the power conversion was consistently high for
all wavelengths measured. The OPO threshold was
approximately 7 MW/cm2 (Fig. 3). For output wave-
lengths of 1017, 959, 898, and 856 nm, corresponding
to the temperatures of 36°C, 70°C, 135°C, and
200°C, the respective signal power slope efficiencies
were 38.2%, 43.3%, 48.4%, and 50.9%, and the high-
est signal plus idler power conversion efficiencies
measured were 55.4%, 59.9%, 62.5%, and 59.0% oc-
curring at 1.6 W average input power. These values
are comparable with those previously reported for a
visible PPSLT OPO.5 The present OPO has the ad-
vantage that it has a much larger range of operating
temperatures and wavelengths for each domain peri-
Fig. 3. Average signal output power versus input pump
power. The corresponding input intensity is shown on the
upper scale. The lines between the symbols are for viewing
convenience only.  is the power slope efficiency deter-
mined by the linear fit of the data.
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The consistently high-power conversion proves that
this OPO could operate well for the entire tempera-
ture range without being affected by photorefractive
damage, and green-induced IR absorption. The trans-
verse mode quality of the OPO signal was also mea-
sured with the input at 50 MW/cm2. The M2 at
864 nm is 1.25±0.1, and it becomes 1.12±0.1 at
1017 nm, which is close to degeneracy. For the PPSLT
OPO, the M2 was 1.5. The better beam quality of
this PPMgSLT OPO can be attributed to the im-
proved resistance to photorefractive damage and to
less thermal distortion due to reduced green-induced
IR absorption.
In an effort to obtain a higher output power, we
changed the pump laser to a laser capable of provid-
ing 3 W at 532 nm (Lightwave Electronics Inc. Model
M611 operating at 10 kHz, 26 ns/pulse). This pump
laser has a slightly worse transverse mode quality
M2=1.2 than the 210S pump laser’s M21.1. Nev-
ertheless, with this pump laser, a 1 W average signal
and 1.52 W total output power was achieved at a
pump intensity of 37.5 MW/cm2 (Fig. 4). The slope ef-
Fig. 4. Average signal and idler output power versus input
pump power measured with a pump laser of a higher aver-
age power. The oven temperature is 135°C, and the signal
wavelength is 898 nm.
Fig. 5. Lifetime test of the OPO near room temperature
with the OPO operating near degeneracy. Inset, output sig-
nal and idler as recorded by an optical spectrum analyzer.
The measured rms power fluctuation with a 3 s averaging
time constant is 1.9%.ficiency is not as good as that shown in Fig. 3, and webelieve this is due to the difference in transverse
mode quality of the respective pump lasers. In this
series of measurements, although no photorefractive
damage was observed up to the full incident power,
optical damage to the coated surface on the output
end of the crystal occasionally occurred at the full in-
tensity when the OPO was not oscillating (cavity de-
tuned).
Finally, we tested the durability of the crystal for
operation near room temperature. Figure 5 shows
continuous operation of the OPO at a total output of
1 W for over 10 h or 3.6108 pulses. The result
demonstrates that long-term operation at 532 nm is
feasible at room temperature with PPMgSLT.
To summarize, we have demonstrated a high-
power 532 nm-pumped multikilohertz nanosecond
optical parametric oscillator using a 1.0 mol.%
PPMgSLT crystal that could be operated from room
temperature to 200°C without damage. A broad con-
tinuous tuning range from 855 to 1410 nm was
achieved within a single domain period. Efficient op-
eration of high peak power and watt level average
power with a power conversion of 62.5% was mea-
sured. These results show that a high-resolution high
average power visible tunable source can be realized
in the near future.
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